Abstract: New tin(II) complexes of general stoichiometry [Sn(L) 2 ] with bidentate ligand, derived from amino acids with isatin, 5-chloroisatin have been synthesized. It is characterized by elemental analyses, molar conductance measurements, and molecular weight determinations. Bonding of these complexes is discussed in terms of their UV-visible, infrared, and nuclear magnetic resonance ( 
Introduction
Schiff bases are an important class of compounds in both the medicinal (Kelley et al., 1995; Singh et al., 2007) and pharmaceutical (Pandeya et al., 1999; Turan-Zitouni et al., 2007; Amanullah et al., 2011) activities. In recent years, there has been a rapidly growing interest in the synthesis of Schiff base and their metal complexes, due to their potential applications in the field of coordination and organometallic chemistry (Ferrari et al., 1999; Tarafder et al., 2002; Cozzi, 2004; Raman et al., 2007; Arulmurugan et al., 2010) . Amino acids, which constitute a very important class of biomolecules, can act as potential oxygen and nitrogen donor ligands. It has been found that they utilize their functional groups as fully as possible in metal coordination (Arish and Nair, 2012) . Therefore, several metal derivatives of different amino acids have been reported and some of these have been found to have significant biological activity. For example, tricyclohexyltin alaninate has been found to be active as a fungicide and bactericide for seeds and plants (Liu et al., 2013) . It has also been reported that metal complexes of amino acid Schiff bases with transition metals have anticarcinogenic (Zuo et al., 2013) , antimicrobial (Nath and Goyal, 1995) , and antitumor (Wang et al., 1999) activities.
In the present studies, ligands are obtained by the condensation reaction between amino acids (alanine, isoleucine, valine, methonine, tryptophan, and histidine) and isatin/chloroisatin with the hope that it may provide us valuable theoretical information for exploring metalbased bacteriostatic and carcinostatic pharmaceuticals with high efficacy and low toxicity. In this effort, we have also introduced an azomethine ( > C = N-) linkage with the concern that it may permit a notable variety in the remarkable chemistry and behavior of such compounds. The synthesized amino acid derived compounds ) 2 ] have been exposed to act as bidentate towards divalent metal atom solely through the azomethine nitrogen and carboxylate oxygen forming a stable five-membered chelate ring. Unlike tin(IV) compounds which usually prefer regular tetrahedral or bipyramidal geometries depending on the coordination numbers, tin(II) compounds are mostly bent, pyramidal, or distorted. In order to confirm the geometries and the bonding featured by these tin(II) compounds, density functional theory (DFT) calculations are performed.
Results and discussion
The reactions of tin(II) acetate with these ligands have been carried out in 1:2 molar ratios using anhydrous benzene and absolute methanol in 3:1 ratio as solvent. These reactions proceed with the liberation of acetic acid, which was azeotropically removed, are indicated below (Scheme 1).
The reactions in Scheme 1 were found to be facile and could be completed in 5-8 h of heating the reaction mixtures at reflux. All these complexes are intensively colored and are solids. They are insoluble in common organic solvents and only soluble in dimethyl formamide (DMF) and dimethyl sulfoxide (DMSO). Molar conductance values of the complexes in DMF (10 -3 m solution at 25°C) were 14-21 mho cm 2 mol -1
, indicating their nonelectrolytic nature. Their physical properties and analytical data are shown in Table 1 .
Electronic spectra
The spectra of the ligands and their complexes were recorded in dry DMSO. The various bands observed were assigned to inter-ligand and charge transfer of n-π* transitions according to their energies and intensities. Two intense maxima are observed in the complexes at 212-218 and 380-385 nm which may be assigned to n-π* transition of the carboxylate (Ahmad et al., 2002) and of the C = N chromophore. The appreciable shifting observed in the n-π* transition (~374 nm) is due to the polarization in the > C = N-bond caused by tin-ligand electron interaction. This clearly indicates the coordination of the azomethine nitrogen to the tin atom. A band in the region 350-340 nm in the spectra of the Schiff bases and complexes is likely to be the secondary band of the benzene ring coupled with the intramolecular charge transfer transition taking place within the ligand moiety. Furthermore, sharp bands were observed in the region 310-330 nm in the spectra of the complexes which could be assigned to the charge transfer transition from ligand to tin.
Infrared spectra
The infrared (IR) spectra of the complexes were compared with those of the free ligands (Table 2 ) in order to determine the coordination sites that may be involved in chelation. The position and the intensities of these peaks are expected to change on chelation. The IR spectra of all the ligands show (Kobakhidze et al., 2010 ) the absence of bands at 3250 and 1742 cm -1 due to ν(NH 2 ) group of amino acids and ν(C = O) group of isatin. Instead, a new prominent band at 1628±5 cm -1 due to azomethine ν(C = N) linkage appeared in all the ligands indicating (Aman and Matela, 2013) that condensation between ketone moiety of isatin and that of amino group of amino acid has taken place resulting in the formation of the desired ligands (L in azomethine ν(C = N) at 1609-1618 cm -1 suggesting the involvement of the azomethine nitrogen with the tin(II) ion (Hingorani and Agarwala, 1993; Dey et al., 2004) . The new bands, which appeared in the region of 420-432 cm -1 in the spectra of the complexes, are assigned to stretching frequencies of ν(Sn←N) bond formations (Wiecek et al., 2010) .
The spectra of the ligands contain a broad absorption band appeared in the region 3110-2740 cm -1 which is assigned to hydrogen-bonded ν(OH). This band disappears on complexation, suggesting chelation of the oxygen to the tin atom (Beltrán et al., 2003) . The infrared spectra of complexes revealed that the ν asym (COO -) was shifted to a lower wave number compared to the parent ligands which signify that the coordination took place via the oxygen atom of the carboxylate anion. Complexes showed that ν asym (COO -) and ν sym (COO -) are in the range of 1604-1585 and 1332-1320 cm -1 , respectively (Baul et al., 2007; Win et al., 2010) . Upon complexation, the structures of the ligands are altered; all alterations can be observed through the shift of the characteristic bands.
The remarkable change is the disappearance of ν(OH) (3110-2740 cm -1 ). This is attributable to ν asym (COO -) and ν sym (COO -) existing in the spectra of all the complexes, thus supporting the deprotonation of carboxylic group and coordination of its carboxylic oxygen to the tin ( , indicating that the carboxyl group in all the complexes is bound in a monodentate manner (Ho and Zuckerman, 1973) . Moreover, for complexes Δν below 200 cm -1 would be expected for bridging or chelating carboxylate, but > 200 cm -1 for the monodentate bonding carboxylate anions. Further evidence for the coordination to tin via oxygen atom was revealed by the presence of the ν(Sn-O) stretching bands in the spectra of the complexes in the region of 538-552 cm -1 .
H NMR spectra
All the protons were found as to be in their expected region (Table 3 ). The conclusions drawn from these studies lend further support to the mode of bonding discussed in their IR spectra. In the spectra of tin(II) complexes, coordination of the ligands via azomethine nitrogen and carboxylate oxygen was established by downfield shifting of these signals in the tin(II) complexes due to the increased conjugation and coordination. The number of protons calculated from the integration curves and those obtained from the values of the expected CHN analyses agree with each other. It was observed that DMSO did not have any coordinating ) of Schiff bases and their corresponding tin(II) complexes. effect, neither on the spectra of the ligands nor on its metal complexes. The ligands also exhibit the OH proton signal at δ 11.25-12.55 ppm and is absent in the spectra of the corresponding tin complexes, showing thereby chelation of the ligand moiety through the deprotonated carboxylic oxygen. The ligands show a complex multiplet signal in the region δ 6.95-8.05 ppm (m) for the aromatic protons and it remains almost at the same position in the spectra of the metal complexes. The appearance of signals due to NH protons at the same positions in the ligands and its complexes show the noninvolvement of this group in coordination.
13
C NMR spectra
H and its corresponding tin complexes have been recorded in dry DMSO (Table 4 ). The shifting in the position of resonance of carbon attached to OH group suggests the bonding of oxygen to the tin atom. Further, the shifting of the azomethine ( > C = N-) carbon signal in the spectra of the complexes as compared to the ligands, clearly indicates that the azomethine moiety has been involved in coordination. Though, it is also possible that the shifting of azomethine carbon is due to the change in hybridization of nitrogen attached to carboxylate group but in the light of IR, UV, and 1 HNMR spectroscopic studies it seems more reasonable that the shifting in these carbons is due to the involvement of carboxylate oxygen and azomethine nitrogen in bonding.
119

Sn NMR spectra
The range of 119 Sn chemical shift is as: for tetra-, penta-, or hexa-coordinated organotin complexes, δ = 200 to -60, δ = -90 to -190, and δ = -210 to -400 ppm, respectively Sn NMR values are characteristic for the four coordinated tin atoms observed in the tin complexes (Jain et al., 1995; Zöller et al., 2011a; Singh et al., 2016) .
Thus based on the earlier discussion, it is clear that the ligands by coordinating to tin atom through the azomethine nitrogen and carboxylate oxygen, behaves as bidentate ligands and all the resulting tin(II) complexes are monomeric. Figure 1 is the proposed structure of the tin(II) complexes. 
Theoretical calculations
Several attempts to grow appropriate crystal for X-ray crystallography were unsuccessful. Due to this problem the geometries of Sn(L 1 ) 2 and Sn(L 3 ) 2 complexes were optimized by Gaussian 03 with DFT/B3LYP/ LanL2DZ method to support the spectroscopic data. The utility of DFT calculations has been previously demonstrated for calculating, with good confidence, geometries of molecules for which X-ray data are not available. Therefore, DFT calculations were carried out to understand the structures of the compounds in detail. As the synthesized compounds are related and differ only in substituted R group, two compounds Figure 2 and pertinent bond parameters are given in (Zöller et al., 2011a,b) , in SaleanH 2 Sn(where Salean = N,N′-(1,2-ethylene)bis-(salicylaldaminato), 2.095(7)/2.202(6) (Atwood et al., 1995 (Anderson et al., 1992) and the difference was attributed to, at least in part from a hydrogen bonding interaction between N atom with long distance, and O atom in a neighboring molecule.
Electronic structure and ionization potentials
The HOMO and LUMO are called frontier orbitals and are very important parameters in quantum chemistry. The energy of the HOMO is directly related to the ionization potential and LUMO energy is directly related to the electron affinity. The frontier orbital gap, the difference between their energy levels, helps us to characterize the chemical reactivity and kinetic stability of the molecule. A molecule with a small frontier orbital gap is more polarizable and is generally associated with a high chemical reactivity and low kinetic stability and is also termed as the soft molecule. A large frontier orbital gap implies high stability for the molecule in the sense of its lower reactivity in chemical reactions.
The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) of the compound Sn(L 1 ) 2, is shown in Figure 3 . It is interesting that both orbitals are substantially distributed over the conjugation plane. In addition, it can be observed in Figure 3 that the HOMO orbitals are located on the substituted molecule, while the LUMO orbitals resembled those obtained for the unsubstituted molecule. Therefore, the substitution influenced the electron donation ability while imposing only a small impact on the electron acceptance ability. The orbital energy levels of the HOMO and LUMO of ligands and their tin complexes are listed in Table 6 . An electronic system with a larger HOMO-LUMO gap should be less reactive than one having a smaller gap. In the present study, the LUMO-HOMO energy gap values of L 1 H, L this molecule had low ionization energies, suggesting that it could lose electrons easily. The band gap values of the complexes are less than that of the free ligands and tin acetate. This means that in any excitation process, the tin complexes need less energy than that for free ligands and tin acetate (Hameed, 2006) .
Furthermore, the chemical hardness of a system implies resistance to charge transfer, whereas global softness is proportional to the polarizability of the system (Table 6 ). The observed values of chemical hardness and global softness for the studied complexes imply that the complexes resist the charge transfer and hence possess low polarizability.
The natural bond orbital (NBO) analysis is performed on the present molecule using DFT/ B3LYP method with LanL2DZ basis set and the results are presented in Table 7 . One may be expect that electron density (charge) of atoms in ligands is larger than in their neutral complexes. However, NBO treatments indicate the reverse trend for coordinated heteroatoms (azomethine nitrogen and carboxylate oxygen). It seems that this is due to high positive charge of tin atom in these complexes. In NBO analysis, the most negative atomic charges (Table 7) are attributed to oxygen and nitrogen atoms in ligands and complexes systems. In all ligands and complexes, the negative charges of two oxygen atoms in the NBO theory are higher than the nitrogen ones. In five-membered chelate rings in complexes, the carbons connected to azomethine nitrogen and caboxylate oxygen have more positive charge than other carbon atom. This high positive charge can be due to oxygen and nitrogen neighbors coordinated to tin. The presence of the 5s 2 one pair on the tin atom results in the distortion of the geometry in these compounds. The NBO analysis was performed to get more insight on the bonding nature in these compounds. The computed Wiberg bond indices for the Sn1-O5 and Sn1-O9 are 0.39, and for the Sn1-N2 and Sn1-N6, 0.26 and 0.24, respectively, indicating significant bonding interactions between Sn, O, and Sn, N atoms. This is a similar trend observed in all other compounds computed in this study. The presence of the lone pair electron in the 5s 2 orbital of the tin atom is also revealed by the NBO analysis.
Antibacterial results
In vitro antibacterial activity of the few representative ligands and their corresponding tin(II) complexes were carried out. The antibacterial activity was tested against four bacterial strains; two Gram-positive (MTCC 0430, Bacillus cereus; MTCC 1534, Nocardia sp.) and one Gramnegative (MTCC 2824, Enterobacter aerogenes) strains. The agar well-diffusion method was used in these assays and each experiment was performed in triplicate. The zone of inhibition value represents the mean value of three readings, which are shown in Table 8 . The results show that all compounds exhibit antibacterial activity and in many case, the tin complexes are more potent in their inhibition properties than the free ligands. This can be explained in terms of the greater lipid solubility and cellular penetration of the complexes. The increase in the activity of tin(lI) complexes as compared to the parent ligand may be due to the complex formation in which the ligand is coordinated to the central tin atom through the oxygen and azomethine nitrogen leading to an increased biocidal action. Almost all the compounds were found to be more active against all the microorganisms used than the ligands themselves.
The preliminary results achieved have led us to conclude that these types of complexes should be studied in detail for their applications in diverse areas.
Conclusions
A new series of tin(II) complexes with amino acid Schiff bases were successfully synthesized and characterized. Based on various physiochemical and structural investigations, it was concluded that the ligands act as bidentate and coordinated through azomethine nitrogen and carboxylate oxygen to the tin atom. The HOMO-LUMO energy gap values of the tin complexes are less than that of the free ligands. This means that in any excitation process, the tin complexes need less energy than that for free ligands and high chemical reactivity. Biological studies revealed that generally tin complexes have higher activities than the free ligands.
Experimental section
Chemicals (Aldrich and Merch) and solvents used were dried and purified by standard methods and moisture was excluded from the glass apparatus using CaCl 2 drying tubes. Melting points were determined in open capillaries and are uncorrected. The ligands were prepared by the condensation of isatin and 5-chloroisatin with amino acids (alanine, isoleucine, valine, tryptophan, methonine, and histidine) as described earlier (Singh and Singh, 2013) .
Syntheses of tin(II) complexes
A weighed amount of tin(II) acetate (1.35 mmol) was added to the calculated amount of the ligands (2.7 mmol) in 1:2 molar ratio in dry benzene (60 mL), methanol (20 mL) mixture as solvent in an oxygenfree nitrogen atmosphere. The contents were refluxed on a fractionating column for 5-8 h and the acetic acid liberated in the reaction was removed azeotropically with solvent. Excess solvent was removed under reduced pressure and the compound was dried in vacuum at 45°C±5°C after repeated washing with dry cyclohexane. The compounds were purified by recrystallization from methanol ( Table 1) . The purity of the compounds was checked by thin layer chromatography (TLC) using silica gel-G as an adsorbent.
Analytical methods and spectroscopic measurements
Tin was determined gravimetrically as SnO 2 . Nitrogen and sulfur were determined by Kjeldahl's and Messenger's methods, respectively. Molar conductance measurements were made in anhydrous dimethylformamide at 40°C±5°C using a Systronics conductivity bride model 305. Molecular weight determinations were carried out by the Rast camphor method. The electronic spectra were recorded on a Thermo, double-beam spectrophotometer UV 1, in the range of 800-200 nm. The IR spectra of the ligands and metal complexes were recorded in KBr pellets using a Perkin-Elmer RX1 FTIR spectrophotometer in the range of 4000-400 cm 
Theoretical investigations
Density functional theory calculations were carried out using the Gaussian 03 software package, and Gauss view visualization program (Hay and Wadt, 1985; Becke, 1986 Becke, , 1993 Frisch et al., 2004) . The geometry is optimized at B3LYP/6-31G/LanL2DZ basic sets to predict the molecular structures. Calculations were carried out at department of Applied Sciences, MUST, Rajasthan with Becke's three parameter hybrid model using the Lee-Yang-Parr correlation functional (B3LYP) method.
Antibacterial assay
Synthesized compounds were screened for their antibacterial activity against Bacillus cereus (MTCC 0430), Nocardia spp. (MTCC 1534), and Enterobacter aerogenes (MTCC 2824) at various concentrations of 50, 125, and 250 μg by the agar well-diffusion method (Singh et al., 2001; Singh and Singh, 2012 ). An aliquot (5 mL) of nutrient broth was inoculated with the test organisms and incubated at 37°C for 24 h sterile nutrient agar plates were also prepared and holes of 5 mm diameter were cut using a sterile cork borer ensuring proper distribution. The test organisms after 24 h of incubation were spread onto separate agar plates. The chemical compounds dissolved in DMSO were poured into appropriately labeled holes using a pipette in aseptic conditions. A hole containing DMSO served as a control. Triplicate plate of each bacterial strain was prepared. The plates were incubated aerobically at 37°C for 24 h. The antimicrobial activity was determined by measuring the diameter of the zone (mm) showing complete inhibition with respect to control (DMSO).
